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(57) ABSTRACT 

Disclosed herein are control apparatus, Switching power Sup 
ply, and control method embodiments for maintaining power 
conversion efficiency. An embodiment operates by determin 
ing whether or not a current of an inductor of the Switching 
power Supply has become less than or equal to a predeter 
mined value, controlling a reference Voltage based on at least 
one of a result of the determining or a result of comparing a 
Voltage according to an output Voltage of the Switching power 
Supply and the reference Voltage, and pausing Switching of 
the Switching power Supply based on the reference Voltage. 

9 Claims, 10 Drawing Sheets 
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1. 

CONTROL APPARATUS, SWITCHING 
POWER SUPPLY AND CONTROL METHOD 
FOR MAINTAINING POWER CONVERSION 

EFFICIENCY 

BACKGROUND 

DC-to-DC converters with high power conversion effi 
ciency are widely used in typical Switching power Supplies. 
The DC-to-DC converter is generally configured to drive a 
switch by a pulse width modulation (“PWM) method that 
performs Switching at a predetermined Switching frequency 
to prevent current flowing in an inductor from becoming 0 A. 
This may enhance power conversion efficiency when current 
continuously flows in a continuous current mode ("CCM). 

However, when a light load such as a device, a circuit or the 
like is connected to the output of the DC-to-DC converter and 
Supplied with power, the current flowing in the inductor may 
be 0 A, i.e., a discontinuous current mode (“DCM), during a 
partial period of a switching cycle of the PWM method. In this 
case, since degradation of the power conversion efficiency 
due to a Switching loss increases relatively, the Switch is often 
driven by a pulse frequency modulation (“PFM) method 
capable of reducing the number of times of Switching. 
A burst mode circuit automatically performs Switching 

from a PWM method to a burst mode, such as the PFM 
method, as disclosed in U.S. Pat. No. 6,307.356, for example. 
In the burst mode circuit, switching by the PFM method is 
performed at a fixed duty ratio determined by an oscillator. 
However, when an input Voltage is changed to a low state and 
the PWM method is set to be switched to the PFM method in 
a state in which the input voltage is high, for example, the 
PWM method is switched to the PFM method based on the 
value set in the high state of the input Voltage, thereby causing 
degradation of power conversion efficiency in the low state of 
the input Voltage. Further, power conversion efficiency is 
degraded in the same manner not only when the input Voltage 
changes, but also when other conditions change. Such as the 
output Voltage, the frequency for Switching, the inductance of 
the inductor, etc. 

SUMMARY 

Provided herein are control apparatus, Switching power 
Supply, and control method embodiments, and/or combina 
tions and Sub-combinations thereof, for maintaining power 
conversion efficiency. 
An embodiment includes a control apparatus for a Switch 

ing power Supply, comprising a pause controller configured to 
pause Switching of the Switching power Supply based on a 
reference Voltage, a current determination part configured to 
determine whether or not a current of an inductor of the 
Switching power Supply has become less than or equal to a 
predetermined value, and a reference Voltage controller con 
figured to control the reference Voltage based on at least one 
of a result of determining by the current determination part or 
a result of comparing a Voltage according to an output Voltage 
of the Switching power Supply and the reference Voltage. 

Another embodiment includes a Switching power Supply 
comprising an output part comprising a Switch and an induc 
tor, and a control apparatus comprising a pause controller 
configured to pause Switching of the Switching power Supply 
based on a reference Voltage, a current determination part 
configured to determine whether or not a current of the induc 
tor of the Switching power Supply has become less than or 
equal to a predetermined value, and a reference Voltage con 
troller configured to control the reference voltage based on at 
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2 
least one of a result of determining by the current determina 
tion part or a result of comparing a Voltage according to an 
output Voltage of the Switching power Supply and the refer 
ence Voltage. 
A further embodiment includes a control method for a 

Switching power Supply comprising determining whether or 
not a current of an inductor of the Switching power Supply has 
become less than or equal to a predetermined value, control 
ling a reference Voltage based on at least one of a result of the 
determining or a result of comparing a Voltage according to an 
output Voltage of the Switching power Supply and the refer 
ence Voltage, and pausing Switching of the Switching power 
Supply based on the reference Voltage. 

In the embodiments presented herein, the terms “part'. 
"device' and 'system' not only mean physical mechanisms, 
but also include realization of functions that the “part'. 
“device' and “system' have, by software. The function that 
one “part”, “device' or “system' has may be realized by two 
or more physical mechanisms or devices. Alternatively, the 
two or more functions of “part”, “device' and “system” may 
be realized by one physical mechanism or device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are incorporated herein and 
form a part of the specification. 

FIG. 1 is a circuit diagram illustrating an example Switch 
ing power Supply, according to an example embodiment. 

FIG. 2 is a circuit diagram illustrating a first example PFM 
controller, according to a first embodiment. 

FIG. 3 is an example waveform diagram for describing 
operation of a control apparatus, according to a first embodi 
ment. 

FIG. 4 is an example waveform diagram for describing 
operation of the control apparatus, according to a first 
embodiment. 

FIG. 5 is an example waveform diagram for describing 
operation of the control apparatus, according to a first 
embodiment. 

FIG. 6 is a circuit diagram illustrating a second example 
PFM controller, according to a first embodiment. 

FIG. 7 is a circuit diagram illustrating an example com 
parator and offset circuit, according to a first embodiment. 

FIG. 8 is a circuit diagram illustrating an example Switch 
ing power Supply, according to a second embodiment. 

FIG. 9 is a circuit diagram illustrating an example Switch 
ing power Supply, according to a third embodiment. 

FIG. 10 is a circuit diagram illustrating an example Switch 
ing power Supply, according to a fourth embodiment. 

In the drawings, like reference numbers generally indicate 
identical or similar elements. 

DETAILED DESCRIPTION 

First Embodiment 

FIGS. 1-7 are diagrams describing a first embodiment. 
FIG. 1 is a circuit diagram illustrating an example of a Switch 
ing power supply 100 according to the first embodiment. The 
Switching power Supply 100 is, for example, a step-down 
DC-to-DC converter that lowers an input voltage Vinto gen 
erate an output voltage Vout (Vin-Vout). As shown in FIG. 1, 
the switching power supply 100 comprises an output part 10 
and a control apparatus 20. 
The output part 10 comprises switch 11, switch 12, induc 

tor 15, and capacitor 16. 



US 9,391,512 B2 
3 

The switch 11 is, for example, a P channel MOSFET, 
which has a drain Supplied with the input Voltage Vin and a 
source connected to a node N1. The switch 12 is, for example, 
a diode, which has an anode connected to the ground GND 
and a cathode connected to the node N1. 
The inductor 15 has one end connected to the node N1 and 

the other end connected to a node N2. The capacitor 16 has 
one end connected to the node N2 and the other end connected 
to the ground GND. 
A gate of the switch 11 is inputted with a drive signal 

Sgate 1 from the control apparatus 20. The switch 11 is driven 
in response to the drive signal Sgate 1 to conduct Switching, 
i.e., be turned on and off. For example, when the drive signal 
Sgate1 is relatively low in level (“L level), the switch 11 is 
turned on. When the drive signal Sgate1 is relatively high in 
level (“H level), the switch 11 is turned off. By switching the 
switch 11 in response to the drive signal Sgate 1 of the control 
apparatus 20 in this manner, energy is stored in the inductor 
15 when the Switch 11 is off, and a current flows in the 
inductor 15 when the switch 11 is on. Thus, the output part 10 
outputs an output Voltage Vout Smoothed by the capacitor 16. 
The control apparatus 20 comprises an error amplifier 30, 

a PWM controller 40, a current determination part 50 and a 
PFM controller 60. 
The error amplifier 30 comprises resistors 31 and 32, an 

amplifier 33, a voltage source 34, a resistor 35 and a capacitor 
36. 
The resistor 31 has one end supplied with the output volt 

age Vout of the output part 10 and the other end connected to 
a node N3. The resistor 32 has one end connected to the node 
N3 and the other end connected to the ground GND. 
The amplifier 33 has an inverting input terminal connected 

to the node N3 and a non-inverting input terminal Supplied 
with a reference voltage Vr from the voltage source 34. The 
resistor 35 and the capacitor 36 are connected in series 
between an output terminal of the amplifier 33 and the ground 
GND. Further, the resistor 35 and the capacitor 36 are an 
example of a phase compensation circuit. 
The resistor 31 and the resistor 32 generate a voltage Vd 

obtained by dividing the output voltage Vout at a division ratio 
corresponding to their resistance values. This Voltage Vd is a 
voltage proportional to the output voltage Vout. The amplifier 
33 amplifies the difference between the voltage Vd and the 
reference voltage Vrto output an error voltage Verr. This error 
Voltage Verr becomes a Voltage value corresponding to the 
output voltage Vout of the output part 10. 

The PWM controller 40 is for switching the output part 10 
by the PWM method. The PWM controller 40 comprises a 
comparator 41, a NAND circuit 42 and a buffer circuit 43. 
The comparator 41 has a non-inverting input terminal Sup 

plied with the error voltage Verr of the error amplifier 30. An 
oscillator OSC outputs a triangle wave Vct of a prescribed 
cycle, e.g., a sawtooth wave. The triangle wave Vct of the 
oscillator OSC is supplied to an inverting input terminal of the 
comparator 41. 
The comparator 41 compares the error voltage Verrand the 

triangle wave Vct and outputs a PWM signal Spwm corre 
sponding to the result of comparison therebetween. For 
example, when the Voltage of the triangle wave Vct is higher 
than the error voltage Verr, the comparator 41 outputs a PWM 
signal Spwm of an L level. When the voltage of the triangle 
wave Vct is not higher than the error voltage Verr, the com 
parator 41 outputs a PWM signal Spwm of an H level. Here, 
since the error voltage Verr is lowered when the output volt 
age Vout of the output part 10 increases, the PWM signal 
Spwm has a long period of being at the L level and has a short 
period of being at the H level. On the other hand, since the 
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4 
error voltage Verr increases when the output voltage Vout of 
the output part 10 is lowered, the PWM signal Spwm has a 
short period of being at the L level and has a long period of 
being at the H level. Thus, the PWM signal Spwm is a signal 
in which a duty ratio changes according to the output Voltage 
Vout in a pulse signal of a prescribed cycle. 
The NAND circuit 42 is inputted with the PWM signal 

Spwm and a stop signal Sstop to be described later from the 
PFM controller 60. The NAND circuit 42 conducts a NAND 
operation of the PWM signal Spwm and the stop signal Sstop 
to thereby output a signal S1. Thus, the signal S1 of the 
NAND circuit 42 becomes the L level when the PWM signal 
Spwm and the stop signal Sstop are both at the H level, and 
becomes the H level when at least one of the PWM signal 
Spwmand the stop signal Sstop is at the Llevel. The signal S1 
of the NAND circuit 42 is inputted via the buffer circuit 43 to 
the gate of the switch 11 as the drive signal Sgate 1 for driving 
the switch 11. 
The current determination part 50 is for determining 

whether or not the current of the inductor 15 of the output part 
10 has become less than or equal to a predetermined value. 
The current determination part 50 comprises a NAND circuit 
51, a delay circuit 52 and a comparator 53. 
The NAND circuit 51 is inputted with the signal S1 of the 

NAND circuit 42. The delay circuit 52 is inputted with the 
drive signal Sgate 1. The delay circuit 52 outputs a signal S2 
obtained by delaying the drive signal Sgate1 by a predeter 
mined time. The signal S2 is inputted to the NAND circuit 51. 
The comparator 53 has a non-inverting input terminal Sup 

plied with a voltage LX of the node N1 and an inverting input 
terminal connected to the ground GND. The comparator 53 
compares the voltage LX and the ground GND to output a 
signal S3. The signal S3 is inputted to the NAND circuit 51. 
The NAND circuit 51 is configured to determine whether 

or not the current of the inductor 15 has become less than or 
equal to OA. Here, when the current of the inductor 15 has 
become less than or equal to 0 A, it is a boundary between 
CCM and DCM. The output part 10 may be considered to be 
switched by the PFM method in a region where the current of 
the inductor 15 is in the DCM. 
The NAND circuit 51 performs a NAND operation of the 

signals S1, S2 and S3 to thereby output a current determina 
tion signal Scurrent. When the current of the inductor 15 has 
become less than or equal to 0A, the current determination 
signal Scurrent becomes an L level. In any other case, the 
current determination signal Scurrent becomes an H level. 

For example, when the switch 11 is turned on with the drive 
signal Sgate 1 being at the L level, the Voltage LX approxi 
mates the input Voltage Vin. Thus, the signal S3 becomes an 
H level regardless of the current of the inductor 15. In this 
case, since the signal S1 of the NAND circuit 42 being of the 
preceding stage of the buffer circuit 43 outputting the drive 
signal Sgate1 is at the L level, the current determination signal 
Scurrent of the NAND circuit 51 becomes the H level even if 
the signal S3 is at the H level. Therefore, the current determi 
nation part 50 does not determine that the current of the 
inductor 15 has become less than or equal to 0. A during the 
period in which the switch 11 is on. 

Next, when the signal S1 of the NAND circuit 42 is 
changed from the L to H level, the drive signal Sgate1 also 
becomes the H level so that the Switch 11 is turned off. At this 
time, the Voltage LX is gradually reduced, but a certain inter 
val of time, e.g., 20 ns or so, may be required until it reaches 
a ground GND level. So, the delay circuit 52 delays the signal 
S2 by 20 ns or so. Consequently, since the signal S2 is main 
tained at the L level until the voltage LX becomes the GND 
level even if the signal S1 is changed to the H level, the current 
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determination signal Scurrent of the NAND circuit 51 
becomes the H level. Therefore, the current determination 
part 50 does not determine that the current of the inductor 15 
has become less than or equal to 0. A for the period until the 
voltage LX reaches the ground GND level. 

Next, when the voltage LX becomes the ground GND level 
so that the current of the inductor 15 is brought to less than or 
equal to 0A, the diode 12 is turned off to increase the voltage 
LX toward the output voltage Vout. Thus, the voltage LX is 
increased from the ground GND level. For this reason, the 
signal S3 of the comparator 53 becomes the H level and the 
signals S1 and S2 are both at the H level, so that the current 
determination signal Scurrent of the NAND circuit 51 is 
changed to the L level. In this manner, when the switch 11 is 
turned off so that the voltage LX is brought to the ground 
GND level, and the current of the inductor 15 becomes less 
than or equal to 0A, the current determination signal Scurrent 
of the NAND circuit 51 is brought to the L level. Therefore, 
the current determination part 50 is capable of reliably deter 
mining that the minimum value (bottom value) of the current 
of the inductor 15 has become less than or equal to OA. 

In some embodiments, it is not easy for a circuit to deter 
mine whether or not the current of the inductor 15 is com 
pletely brought to less than or equal to OA. Hence, the current 
determination part 50 may determine whether or not the cur 
rent of the inductor 15 becomes a predetermined value near 0 
A. 

FIG. 2 is a circuit diagram showing a first example PFM 
controller 60, according to a first embodiment. The PFM 
controller 60 is for switching the output part 10 shown in FIG. 
1 by the PFM method. As shown in FIG. 2, the PFM controller 
60 comprises a comparator 61, an OR circuit 62, an inverter 
circuit 63, NAND circuits 64 and 65, an AND circuit 66, an 
UP/DOWN counter 67, switches SWO to SW7, resistors R0 to 
R8, and a current source 68. 
The comparator 61 has a non-inverting input terminal Sup 

plied with the error voltage Verr of the amplifier 33, and an 
inverting input terminal supplied with a variable reference 
VoltageVrpfm. The comparator 61 compares the error Voltage 
Verr and the variable reference voltage Vrpfm to output a 
PFM signal Spfm. Thus, when the error voltage Verris higher 
than the variable reference voltage Vrpfm (Verro-Vrpfm), the 
PFM signal Spfm of the comparator 61 is brought to the H 
level, whereas when the error voltage Verr is less than or equal 
to the variable reference voltage Vrpfm (VerrsVrpfm), the 
PFM signal Spfm is brought to the L level. 
The OR circuit 62 is for pausing the switching of the output 

part 10. The OR circuit 62 is configured to pause the switch 
ing of the output part 10, based on the variable reference 
voltage Vrpfm. Further, the OR circuit 62 is an example of a 
“pause controller” in some embodiments. 

The OR circuit 62 is inputted with the PFM signal Spfm 
and the current determination signal Scurrent of the NAND 
circuit 51 shown in FIG.1. The OR circuit 62 performs an OR 
operation of the PFM signal Spfm and the current determi 
nation signal Scurrent to thereby output the stop signal Sstop. 
Thus, the stop signal Sstop becomes the L level when the 
PFM signal Spfm and the current determination signal Scur 
rent are both at the L level, whereas when at least one of the 
PFM signal Spfm and the current determination signal Scur 
rent is at the H level, the stop signal Sstop becomes the H 
level. 
As described above, the stop signal SStop is inputted to the 

NAND circuit 42 shown in FIG.1. When the stop signal Sstop 
is at the L level, the NAND circuit 42 becomes the H level 
regardless of the PWM signal Spwm, and the switch 11 is 
turned off. Thus, while the stop signal Sstop is at the L level, 
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6 
the switching of the output part 10 by the PWM signal Spwm 
is paused. At this time, since the pulses of the PWM signal 
Spwm are skipped according to the period in which the stop 
signal Sstop is at the L level, the cycle, i.e., frequency of the 
switching of the PWM method, is changed. In this manner, 
the OR circuit 62 outputs the stop signal Sstop, based on the 
variable reference voltage Vrpfm to pause the switching of 
the output part 10, so that the frequency of the switching of the 
PWM method is changed, whereby the switching of the PFM 
method intermittently operating the output part 10 can be 
realized. 
The inverter circuit 63 is inputted with the PFM signal 

Spfm of the comparator 61. The inverter circuit 63 performs 
a logical NOT operation of the PFM signal Spfm to thereby 
output a signal S4. 
The NAND circuit 64 is inputted with the PFM signal Spfm 

of the comparator 61 and the current determination signal 
Scurrent of the NAND circuit 51 shown in FIG.1. The NAND 
circuit 64 performs a NAND operation of the PFM signal 
Spfm and the current determination signal Scurrent to thereby 
output a signal S5. Thus, when the PFM signal Spfm and the 
current determination signal Scurrent are both at the H level, 
the signal S5 of the NAND circuit 64 becomes the L level, 
whereas when at least one of the PFM signal Spfm and the 
current determination signal Scurrent is at the L level, the 
signal S5 becomes the H level. 
The NAND circuit 65 is inputted with the signal S4 of the 

inverter circuit 63 and the current determination signal Scur 
rent of the NAND circuit 51 shown in FIG. 1. The NAND 
circuit 65 performs a NAND operation of the signal S4 and 
the current determination signal Scurrent to thereby output a 
signal S6. Thus, when the signal S4 and the current determi 
nation signal Scurrent are both at the H level, the signal S6 of 
the NAND circuit 65 becomes the L level, whereas when at 
least one of the signal S4 and the current determination signal 
Scurrent is at the L level, the signal S6 becomes the H level. 
The AND circuit 66 is inputted with the signal S5 of the 

NAND circuit 64 and the stop signal Sstop of the OR circuit 
62. Further, the AND circuit 66 is inputted with a clock signal 
Sclk of a prescribed cycle from the oscillator OSC shown in 
FIG.1. The AND circuit 66 performs an AND operation of the 
signal S5, the stop signal Sstop and the clock signal Sclk to 
thereby output a signal S7. Thus, the signal S7 of the AND 
circuit 66 becomes the H level when the signal S5, the stop 
signal Sstop and the clock signal Sclk are all at the H level, 
i.e., the signal S5 and the stop signal Sstop are both at the H 
level, and at the timing of a pulse of a prescribed cycle of the 
clock signal Sclk. Further, when at least one of the signal S5, 
the stop signal Sstop and the clock signal Sclkis at the Llevel. 
the signal S7 of the AND circuit 66 becomes the L level. 
The UP/DOWN counter 67 is for controlling the variable 

reference voltage Vrpfm. The UP/DOWN counter 67 is con 
figured to control the variable reference voltage Vrpfm based 
on the result of determination by the current determination 
part 50, i.e., the result of comparison between the current 
determination signal Scurrent of the NAND circuit 51, the 
error voltage Verr, and the variable reference voltage Vrpfm, 
i.e., the PFM signal Spfm of the comparator 61. Therefore, the 
variable reference voltage Vrpfm taken as a reference upon 
pausing the Switching of the output part 10 can be controlled 
to an appropriate value. Further, the UP/DOWN counter 67 is 
an example of a reference Voltage controller in Some embodi 
mentS. 

The UP/DOWN counter 67 counts up or down an 8-bit 
counter from a bit 0 to a bit 7, based on the input of an 
up/down terminal, for example. The UP/DOWN counter 67 
outputs control signals Sctl to the eight switches SW0 to 
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SW7, based on the count values of the 8-bit counter. The eight 
resistors R0 to R8 are connected in series. One end of the 
resistor R8 is connected to the current source 68, and one end 
of the resistor R0 is connected to the ground GND. Further, 
the switches SW0 to SW7 are respectively connected in par 
allel to the resistors R0 to R7. The respective switches SW0 to 
SW7 are turned on when the control signals Sctl are inputted 
thereto. Therefore, since the values of the resistors between 
the current source 68 and the ground GND change according 
to the number of the switches SW0 to SW7 each turned on by 
the control signal Sctl, the UP/DOWN counter 67 is capable 
of changing the Voltage of the current source 68, i.e., the 
variable reference voltage Vrpfm. 

The UP/DOWN counter 67 has the up/down terminal 
inputted with the signal S6 of the NAND circuit 65 and a 
clock terminal inputted with the signal S7 of the AND circuit 
66. The UP/DOWN counter 67 is supplied with “7” as an 
initial value for a count value, for example. The UP/DOWN 
counter 67 counts in timing at which the signal S7 inputted to 
the clock terminal is at the H level. When the signal S6 
inputted to the up/down terminal is at the H level, the 
UP/DOWN counter 67 counts down, and when the signal S6 
inputted to the up/down terminal is at the L level, the 
UP/DOWN counter 67 counts up. Then, the UP/DOWN 
counter 67 changes the number of the control signals Sctl 
outputted according to the count Value. For example, when 
the count value is “7”, the UP/DOWN counter 67 outputs 
eight control signals Sctl to turn on the switches SW0 to SW7 
respectively. 

For simplification, the notations of bit1, bit2, bit3, bit4, bits 
and bité, switches SW1, SW2, SW3, SW4, SW5 and SW6, 
and resistors R1, R2, R3, R4, R5 and R6 are omitted in FIG. 
2. The UP/DOWN counter 67 is not limited to the case where 
it has the 8-bit counter, and embodiments Support an 
UP/DOWN counter with an increased or decreased number of 
bits as desired. 

FIGS. 3-5 are respective waveform diagrams for describ 
ing the operation of the control apparatus 20 according to the 
first embodiment. For example, when the load connected to 
the output of the switching power supply 100 shown in FIG. 
1 is a light load, the output voltage Vout becomes relatively 
high as compared with the case where the load is a middle 
load or a heavy load. Thus, when the variable reference volt 
age Vrpfm is set to a relatively low value, the PFM signal 
Spfm of the comparator 61 becomes an H level as shown in 
FIG. 3. Since the load is of the light load, the current IL of the 
inductor 15 becomes OA. The current determination signal 
Scurrent of the NAND circuit 51 becomes an L level. In the 
state in which the PFM signal Spfm is at the H level and the 
current determination signal Scurrent is at the L level, the 
value of the variable reference voltage Vrpfm is considered to 
below with respect to the conditions such as the current input 
Voltage Vin, output Voltage Vout, frequency for Switching, 
inductance of inductor 15, etc. 
At this time, the up/down terminal of the UP/DOWN 

counter 67 is inputted with the signal S6 of the H level, and the 
clock terminal thereof is inputted with the signal S7 of the H 
level in the cycle of the clock signal Sclk. Thus, the 
UP/DOWN counter 67 turns offin order the Switches SWO to 
SW7 in the cycle of the clock signal Sclk. Therefore, when the 
current determination signal Scurrent is at the L level, and the 
PFM signal Spfm is at the H level, the UP/DOWN counter 67 
is capable of increasing the variable reference voltage Vrpfm 
as shown in FIG. 3. Accordingly, the variable reference volt 
age Vrpfm can be changed to a value Suitable for the condi 
tions such as the current input Voltage Vin, output Voltage 
Vout, Switching frequency, inductance of inductor 15, etc. 
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8 
Degradation in power conversion efficiency of the Switching 
power supply 100 can be prevented as compared with the case 
where the value of the variable reference voltage Vrpfm 
remains low. 

Likewise, when the variable reference voltage Vrpfm is set 
to a relatively high value where the load is of the light load, the 
PFM signal Spfm of the comparator 61 becomes the Llevel as 
shown in FIG. 4. Since the current IL of the inductor 15 does 
not reach less than or equal to 0A, the current determination 
signal Scurrent of the NAND circuit 51 becomes the H level. 
In this manner, in the state in which the PFM signal Spfm is at 
the L level and the current determination signal Scurrent is at 
the H level, the value of the variable reference voltage Vrpfm 
is considered to be high with respect to the conditions such as 
the current input Voltage Vin, output Voltage Vout, Switching 
frequency, inductance of inductor 15, etc. 
At this time, the up/down terminal of the UP/DOWN 

counter 67 is inputted with the signal S6 of the Llevel, and the 
clock terminal thereof is inputted with the signal S7 of the H 
level in the cycle of the clock signal Sclk. Thus, the 
UP/DOWN counter 67 turns on in order the Switches SWO to 
SW7 in the cycle of the clock signal Sclk. Therefore, when the 
current determination signal Scurrent is at the H level, and the 
PFM signal Spfm is at the L level, the UP/DOWN counter 67 
is capable of reducing the variable reference voltageVrpfm as 
shown in FIG. 4. Accordingly, the variable reference voltage 
Vrpfm can be changed to values suitable for the conditions 
Such as the current input Voltage Vin, output Voltage Vout, 
Switching frequency, inductance of inductor 15, etc. It is 
possible to reduce ripple in the output voltage Vout of the 
switching power supply 100 as compared with the case where 
the variable reference voltage Vrpfm remains high. 

Also, likewise, when the variable reference voltage Vrpfm 
is set to an appropriate value where the load is of the light 
load, for example, as a result of increasing or decreasing the 
variable reference voltage Vrpfm as described above, the 
PFM signal Spfm of the comparator 61 becomes the Llevel as 
shown in FIG. 5. The current IL of the inductor 15 becomes 
less than or equal to 0A at a given time, e.g., a time t1, and the 
current determination signal Scurrent of the NAND circuit 51 
becomes the L level. In this manner, in the state in which the 
PFM signal Spfm is at the L level, and the current determi 
nation signal Scurrent is at the L level, the power conversion 
efficiency of the switching power supply 100 is considered to 
be low at the switching of the output part 10 by the PWM 
method. 
At this time, the OR circuit 62 outputs the stop signal Sstop 

of the L level to pause the switching of the output part 10 by 
the PWM method. Therefore, the output part 10 is switched 
by the PFM method. Accordingly, the switching power sup 
ply 100 is capable of maintaining high power conversion 
efficiency even when the load connected to the output of the 
switching power supply 100 is of the light load. 
Even when the clock signal Sclk of the oscillator OSC is 

brought to the H level in a prescribed cycle while the stop 
signal Sstop is at the L level, the signal S7 of the AND circuit 
66 remains at the L level. Hence, the UP/DOWN counter 67 
does not output the control signals Sctl for a period in which 
the stop signal Sstop is at the L level. Therefore, the 
UP/DOWN counter 67 is capable of maintaining the value of 
the variable reference voltage Vrpfm for a period between 
times t1 and t2 in FIG. 5. Accordingly, the variable reference 
voltage Vrpfm can be kept remained at the present value for a 
period during which the Switching is paused. 

Next, when the output voltage Vout is lowered with the 
pause of the switching of the output part 10, the error voltage 
Verr of the amplifier 33 increases. As a result, when the error 
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voltage Verr exceeds the variable reference voltage Vrpfm at 
a given time, e.g., time t2, the PFM signal Spfm of the com 
parator 61 becomes from the L to H level. Thus, the stop 
signal Sstop of the OR circuit 62 becomes the H level so that 
the switching of the output part 10 is resumed to bring the 
current determination signal Scurrent of the NAND circuit 51 
to the H level. 

Further, as a result of a reduction in the output voltage Vout 
as shown after the time t2 in FIG. 5, the error voltage Verr is 
not necessarily in excess of the variable reference Voltage 
Vrpfm. 

During the pause of the switching of the output part 10, 
when, for example, the conditions such as the input Voltage 
Vin, the output voltage Vout, the Switching frequency, the 
inductance of the inductor 15, etc. are changed, and the ref 
erence voltage Vrpfm at the time t1 becomes a high value with 
respect to the changed conditions, the PFM signal Spfm of the 
comparator 61 may remain at the L level, unlike after the time 
t2 of FIG. 5, even if the error voltage Verr of the amplifier 33 
is increased. At this time, if the bottom value of the current IL 
of the inductor 15 does not reach less than or equal to 0A as 
shown in FIG. 4, for example, the current determination sig 
nal Scurrent of the NAND circuit 51 becomes the H level. In 
this case, as described above, the UP/DOWN counter 67turns 
on in order the switches SW0 to SW7 in the cycle of the clock 
signal Sclk to reduce the variable reference voltage Vrpfm. 
Therefore, the UP/DOWN counter 67 is capable of changing 
the variable reference voltage Vrpfm to an appropriate value 
with respect to the changed conditions. 

During the pause of the switching of the output part 10, 
when, for example, the conditions such as the input Voltage 
Vin, the output voltage Vout, the Switching frequency, the 
inductance of the inductor 15, etc. are changed, and the ref 
erence voltage Vrpfm at the time t1 becomes a low value with 
respect to the changed conditions, the error voltage Verr of the 
amplifier 33 is increased to exceed the variable reference 
voltage Vrpfm, so that the PFM signal Spfm of the compara 
tor 61 is brought to the H level. At this time, if the current IL 
of the inductor 15 becomes 0 A as shown in FIG. 3, for 
example, the current determination signal Scurrent of the 
NAND circuit 51 may reach the L level, unlike after the time 
t2 of FIG. 5. In this case, as described above, the UP/DOWN 
counter 67 turns offin order the Switches SWO to SW7 in the 
cycle of the clock signal Sclk to increase the variable refer 
ence voltage Vrpfm. Therefore, the UP/DOWN counter 67 is 
capable of changing the variable reference Voltage Vrpfm to 
an appropriate value with respect to the changed conditions. 
When the load connected to the output of the switching 

power supply 100 is not the light load, i.e., it is the middle load 
or the heavy load, the output voltage Vout becomes relatively 
low as compared with the case where the load is of the light 
load. Thus, the error voltage Verr of the amplifier 33 becomes 
relatively high so that the PFM signal Spfm of the comparator 
61 becomes the H level. Further, the current IL of the inductor 
15 does not reach less than or equal to 0 A and the current 
determination signal Scurrent of the NAND circuit 51 
becomes the H level. At this time, the OR circuit 62 outputs 
the stop signal Sstop at the H level. Therefore, the output part 
10 is switched by the PWM method during the period in 
which the load connected to the output of the switching power 
supply 100 is the middle load or the heavy load. 
The stop signal Sstop becomes the H level, but the signal S5 

of the NAND circuit 64 becomes the L level. Thus, even if the 
clock signal Sclk of the oscillator OSC is brought to the H 
level in a prescribed cycle while the PFM signal Spfm and the 
current determination signal Scurrent are both at the H level, 
the signal S7 of the AND circuit 66 remains at the L level. 
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Hence, the UP/DOWN counter 67 does not output the control 
signals Sctl while the PFM signal Spfm and the current deter 
mination signal Scurrent are both at the H level. Therefore, 
the UP/DOWN counter 67 is capable of maintaining the value 
of the variable reference voltage Vrpfm during the period in 
which the load connected to the output of the switching power 
supply 100 is the middle load or the heavy load. Accordingly, 
the variable reference voltage Vrpfm can be kept at the current 
value during the period in which the load of the switching 
power supply 100 is the middle load or the heavy load. 
The present embodiment has shown the example in which 

the PFM controller 60 increases, reduces or maintains the 
variable reference voltage Vrpfm and directly controls it, but 
is not limited to it. The PFM controller 60 may indirectly 
control the variable reference voltage Vrpfm, for example. 

FIG. 6 is a circuit diagram illustrating a second example 
PFM controller 60 in the first embodiment. As shown in FIG. 
6, the PFM controller 60 comprises an OR circuit 62, an 
inverter circuit 63, NAND circuits 64 and 65, an AND circuit 
66, and an UP/DOWN counter 67, as with the PFM controller 
60 shown in FIG. 2. The PFM controller 60 also comprises a 
comparator 71 and an offset circuit 72 instead of the com 
parator 61 shown in FIG. 2. Since the OR circuit 62, the 
inverter circuit 63, the NAND circuits 64 and 65, the AND 
circuit 66, and the UP/DOWN counter 67 are identical to 
those in the example shown in FIG. 2, their description will be 
omitted. 
The comparator 71 has a non-inverting input terminal Sup 

plied with the error voltage Verr of the amplifier 33 shown in 
FIG. 1 and an inverting input terminal supplied with a variable 
reference voltage Vrpfm of a voltage source 75. In the 
example of FIG. 6, the variable reference voltage Vrpfm is a 
Voltage of a prescribed value, i.e., a constant Voltage. Thus, 
the variable reference voltage Vrpfm itself is not increased or 
decreased. The offset circuit 72 is inputted from the 
UP/DOWN counter 67 with control signals Sctl equivalent to 
the number corresponding to the count values of a bit counter. 
The comparator 71 and the offset circuit 72 are connected to 
each other by a connecting line L1. Further, the UP/DOWN 
counter 67 and the offset circuit 72 may be equivalent to 
another example of a “reference voltage controller accord 
ing to Some embodiments. 

FIG. 7 is a circuit diagram illustrating an example com 
parator 71 and offset circuit 72 shown in FIG. 6. As shown in 
FIG. 7, the comparator 71 comprises, for example, switches 
71a and 71b, resistors 71c and 71d, and a sub-comparator 
71e. 
The switches 71a and 71b are respectively a P channel 

MOSFET, for example and have the same characteristics. The 
switches 71a and 71b respectively have sources connected to 
a current source 71f. The switch 71a has a drain connected to 
a node N5 and a gate supplied with the error Voltage Verr 
through the non-inverting input terminal of the comparator 
71. The switch 71b has a drain connected to a node N6 and a 
gate supplied with the variable reference voltage Vrpfm 
through the inverting input terminal of the comparator 71. 
When the switch 71a is turned on, a current Ic1 flows to the 
node N5 through switch 71a between the source and drain 
thereof from the current source 71f. When the switch element 
71b is turned on, a current Ic2 flows to the node N6 through 
switch 71b between the source and drain thereof from the 
current source 71f. 
The resistors 71c and 71d have, as an example, the same 

resistance value. The resistor 71C has one end connected to 
the node N5, and the other end connected to the connecting 
line L1. The resistor 71d has one end connected to the node 
N6, and the other end connected to the ground GND. 
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The Sub-comparator 71e has an inverting input terminal 
supplied with a voltage Vc1 of the node N5 and a non 
inverting input terminal supplied with a voltage Vc2 of the 
node N6. The sub-comparator 71e compares the voltage Vc2 
and the voltage Vc1 with each other to output a PFM signal 
Spfm as with the comparator 61 shown in FIG. 2. When the 
voltage Vc2 is higher than the voltage Vc1 (Vc2>Vc1), the 
PFM signal Spfm of the sub-comparator 71e becomes an H 
level. When the voltage Vc2 is less than or equal to the voltage 
Vc1 (Vc2 Vc1), the PFM signal Spfm becomes an L level. 
Thus, the PFM signal Spfm changes from the H to L level or 
from the L to H level with the case where the voltage Vc2 
being identical to the voltage Vc1 (Vc2=Vc1) as the bound 
ary. 
The offset circuit 72 comprises eight resistors R10 to R17 

and eight switches SW10 to SW 17. For simplification, the 
notations of the switches SW11, SW12, SW13, SW14, SW15 
and SW16, and the resistors R11, R12, R13, R14, R15 and 
R16 are omitted in FIG. 7. The resistors R10 to R17 are 
connected in series. On end of the resistor R17 is connected to 
the connecting line L1, and the other end of the resistor R10 
is connected to the ground GND. The switches SW10 to 
SW17 are respectively connected in parallel to the resistors 
R10 to R17. The switches SW10 to SW17 can respectively be 
inputted with control signals Sctl from the UP/DOWN 
counter 67. When the control signals Sctl are inputted to the 
switches SW10 to SW17, they are turned on. 

For example, since the connecting line L1 is connected to 
the ground GND when all the switches SW10 to SW17 are 
turned on by the control signals Sctl, the condition under 
which the voltage Vc2 becomes identical to the voltage Vc1 is 
when the error voltage Verr is identical to the variable refer 
ence voltage Vrpfm (Verr-Vrpfm). In this case, the offset 
circuit 72 does not offset the error voltage Verr. 
On the other hand, for example, when the control signals 

Sctl are not inputted and any of the switches SW10 to SW17 
is turned off, the resistance value between the node N5 and the 
ground GND becomes larger than that between the node N6 
and the ground GND. Thus, the condition under which the 
Voltage Vc2 and the Voltage Vc1 becomes identical changes 
when the current Ic1 becomes smaller than the current Ic2 
(Ic1<Ic2). Here, in order to reduce the current Ic1, the gate 
source voltage of the switch element 71a can be reduced. 
Hence, the condition under which the voltage Vc2 is identical 
to the voltage Vc1 indicates that the error voltage Verr is 
higher than the variable reference voltage Vrpfm. In this 
manner, the offset circuit 72 offsets the error Voltage Verr 
while the variable reference voltage Vrpfm is kept at the 
constant Voltage. This therefore corresponds to indirectly 
increasing the variable reference Voltage Vrpfm. 

In contrast, when any of the switches SW10 to SW17 is 
turned on by the control signal Sctl from its turned-off state, 
the offset circuit 72 decreases an offset value of the error 
voltage Verr while the variable reference voltage Vrpfm is 
kept at the constant Voltage. This therefore corresponds to 
indirectly reducing the variable reference voltage Vrpfm. 
By indirectly controlling the variable reference voltage 

Vrpfm by the UP/DOWN counter 67 and the offset circuit 72 
in this manner, the comparator 71 is capable of outputting the 
PFM signal Spfm as with the comparator 61 shown in FIG. 2, 
and the PFM controller 60 shown in FIG. 6 is capable of 
performing operation similar to the PFM controller 60 shown 
in FIG. 2. 

Although the present embodiment has shown the Voltage 
mode control type Switching power Supply that feeds back 
only the output Voltage Vout to the input, as the example of the 
switching power supply 100, embodiments are not limited to 
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12 
Voltage mode control types. For example, the Switching 
power supply 100 may be a current mode control type. 

Thus, according to the control apparatus 20, the Switching 
power supply 100 and the control method according to the 
present embodiment, the switching of the output part 10 is 
paused based on the variable reference voltage Vrpfm. There 
fore, it is possible to realize the switching of the PWM 
method in which the frequency of switching of the PFM 
method is changed and the output part 10 is intermittently 
operated. The variable reference voltage Vrpfm is controlled 
based on the current determination signal Scurrent of the 
NAND circuit 51 and the PFM signal Spfm of the comparator 
61. Therefore, the variable reference voltage Vrpfm, taken as 
the reference when the switching of the output part 10 is 
paused, can be controlled to the appropriate value. Accord 
ingly, even though the conditions such as the input Voltage 
Vin, the output Voltage Vout, the frequency of the Switching, 
the inductance of the inductor 15, etc. are changed, the vari 
able reference voltage Vrpfm is changed to the value corre 
sponding to the changed conditions, thereby making it pos 
sible to maintain high power conversion efficiency and reduce 
ripple in the output Voltage Vout. 

Second Embodiment 

FIG. 8 is a diagram for describing a second embodiment. 
Unless otherwise described, the same or similar components 
as those in the aforementioned first embodiment are denoted 
by the same reference numerals, and their description will be 
omitted as appropriate. Further, components and operations 
not illustrated in the drawing are taken to be similar to the 
aforementioned first embodiment. 

FIG. 8 is a circuit diagram illustrating an example Switch 
ing power Supply 100A according to the second embodiment. 
The switching power supply 100A is, for example, a step 
down DC-to-DC converter that reduces an input voltage Vin 
to generate an output voltage Vout (VindVout). The switching 
power supply 100A according to the second embodiment is of 
a synchronous rectification system shown in FIG. 8, whereas 
the switching power supply 100 according to the first embodi 
ment shown in FIG. 1 is of the diode rectification system. 
Thus, the Switching power Supply 100A comprises an output 
part 10A instead of the output part 10 in the first embodiment. 
A switch 12 of the output part 10A is not a diode, but an N 

channel MOSFET, for example. The switch 12 has a drain 
connected to a node N1 and a source connected to the ground 
GND. 
A gate of the switch 12 is inputted with a drive signal 

Sgate2 from a control apparatus 20 in Synchronization with a 
drive signal Sgate1. The switch 12 is driven in response to the 
drive signal Sgate2 to conduct Switching, i.e., be turned on or 
off. For example, when the drive signal Sgate2 is at an Hlevel, 
the switch 12 is turned on. When the drive signal Sgate2 is at 
anL level, the switch 12 is turned off. The drive signal Sgate2 
is generated so as to be the L level when the drive signal 
Sgate1 is at the L level, i.e., in Such a manner that the Switch 
12 is turned off when the Switch 11 is on, and so as to be the 
H level when the drive signal Sgate1 is at the H level, i.e., in 
such a manner that the switch 12 is turned on when the switch 
11 is off. By switching the switch 11 and the switch 12 in 
synchronization with each other in this manner, energy is 
stored in the inductor 15 when the switch 11 is on and the 
switch 12 is off, and a current flows in the inductor 15 from the 
ground GND when the switch 11 is off and the switch 12 is on. 
Thus, the output part 10A outputs an output voltage Vout 
Smoothed by a capacitor 16. 
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Further, the control apparatus 20 comprises a PWM con 
troller 40A instead of the PWM controller 40 in the first 
embodiment. The PWM controller 40A further comprises an 
AND circuit 44 and a buffer circuit 45 in addition to a com 
parator 41, a NAND circuit 42 and a buffer circuit 43. 
The AND circuit 44 is inputted with a signal S1 of the 

NAND circuit 42 and a stop signal Sstop from a PFM con 
troller 60. The AND circuit 44 performs an AND operation of 
the signal S1 and the stop signal Sstop to thereby output a 
signal S8. Thus, the signal S8 of the AND circuit 44 becomes 
the H level when the signal S1 and the stop signal Sstop are 
both at the H level. The signal S8 becomes the L level when at 
least one of the signal S1 and the stop signal Sstop is at the L 
level. The signal S8 of the AND circuit 44 is inputted via the 
buffer circuit 45 to the gate of the switch 12 as the drive signal 
Sgate2 for driving the switch 12. 
A current determination part 50 is operated substantially 

similarly to the first embodiment. 
For example, when the switch 11 is turned on and the 

switch 12 is turned off when the drive signal Sgate1 is at the 
L level, a Voltage LXapproximates the input Voltage Vin, and 
hence, a signal S3 becomes the H level regardless of the 
current of the inductor 15. In this case, since the signal S1 of 
the NAND circuit 42 being of the preceding stage of the 
buffer circuit 43 outputting the drive signal Sgate1 is at the L 
level, a current determination signal Scurrent of a NAND 
circuit 51 becomes the H level even if the signal S3 is at the H 
level. Therefore, the current determination part 50 does not 
determine that the current of the inductor 15 has reached less 
than or equal to 0A during the period in which the switch 11 
1S O. 

Next, when the signal S1 of the NAND circuit 42 is 
changed from the L to H level, the drive signal Sgate1 also 
becomes the H level, and the drive signal Sgate2 also becomes 
the H level. At this time, the switch 11 is turned off and the 
switch 12 is turned on. Thus, the voltage LX is gradually 
reduced, but a certain interval of time, e.g., 20 ns or so are 
required until it reaches a ground GND level. So, a delay 
circuit 52 delays a signal S2 by 20 ns or so. Consequently, 
since the signal S2 is maintained at the L level until the 
voltage LX becomes the ground GND level even if the signal 
S1 is changed to the H level, the current determination signal 
Scurrent of the NAND circuit 51 becomes the H level. There 
fore, the current determination part 50 does not determine that 
the current of the inductor 15 has become less than or equal to 
0 A for the period until the voltage LX reaches the ground 
GND level. 

Next, when the voltage LX becomes the ground GND level 
so that the current of the inductor 15 is brought to less than or 
equal to 0 A, the Voltage LX is increased from the ground 
GND level due to the on resistance of the switch 12. For this 
reason, since the signal S3 of the comparator 53 becomes the 
H level and the signals S1 and S2 are both at the H level, the 
current determination signal Scurrent of the NAND circuit 51 
is changed to the L level. In this manner, when the switch 11 
is turned off and the switch 12 is turned on so that the voltage 
LX is brought to the ground GND level, and the current of the 
inductor 15 becomes less than or equal to 0 A, the current 
determination signal Scurrent of the NAND circuit 51 is 
brought to the L level for the first time. Accordingly, the 
current determination part 50 is capable of reliably determin 
ing that the minimum value (bottom value) of the current of 
the inductor 15 has become less than or equal to OA. 

Since the configuration and operation of the PFM control 
ler 60 are similar to the first embodiment, their description 
will be omitted. 
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14 
Thus, according to the control apparatus 20, the Switching 

power supply 100A and the control method according to the 
present embodiment, advantageous effects similar to the con 
trol apparatus 20, the switching power supply 100 and the 
control method according to the first embodiment can be 
obtained. 

Third Embodiment 

FIG. 9 is for describing a third embodiment. Unless other 
wise described, the same or similar components as those in 
the aforementioned first embodiment are denoted by the same 
reference numerals, and their description will appropriately 
be omitted. Further, components and operations not illus 
trated in the drawing are taken to be similar to the aforemen 
tioned first embodiment. 

FIG. 9 is a circuit diagram illustrating an example Switch 
ing power supply 100B according to the third embodiment. 
The switching power supply 100B is, for example, a step-up/ 
down DC-to-DC converter that steps up or down an input 
Voltage Vinto generate an output voltage Vout. The Switching 
power supply 100B according to the third embodiment is of a 
synchronous rectification system, like that shown in FIG. 9. 
whereas the switching power supply 100 according to the first 
embodiment shown in FIG. 1 is of the diode rectification 
system. Thus, the switching power supply 100B comprises an 
output part 10B instead of the output part 10 in the first 
embodiment. 
A switch 12 of the output part 10B is not a diode but an N 

channel MOSFET, for example. The switch 12 has a drain 
connected to a node N1 and a source connected to the ground 
GND. 
The output part 10B further comprises a switch 13 and a 

switch 14 in addition to a switch 11, a Switch 12, a inductor 15 
and a capacitor 16. The switch 13 is, for example, an N 
channel MOSFET and has a drain connected to anode N2 and 
a source connected to the ground GND. The switch 14 is, for 
example, a P channel MOSFET and has a drain connected to 
the node N2 and a source connected to a node N4. Further, the 
capacitor 16 has one end connected to the node N4 without 
connection to the node N2 and the other end connected to the 
ground GND. 
A gate of the switch 13 is inputted with a drive signal 

Sgate;3 from a control apparatus 20 in Synchronization with a 
drive signal Sgate1. The switch 13 is driven in response to the 
drive signal Sgate to conduct Switching, i.e., be turned on or 
off. For example, when the drive signal Sgate:3 is at the H 
level, the switch 13 is turned on. When the drive signal Sgate;3 
is at the L level, the switch 13 is turned off. The drive signal 
Sgate is generated so as to be the H level when the drive 
signal Sgate1 is at the L level, i.e., in Such a manner that the 
switch 13 is turned on when the Switch 11 is on, and so as to 
be the L level when the drive signal Sgate1 is at the H level, 
i.e., in such a manner that the Switch 13 is turned off when the 
switch 11 is off. 
A gate of the switch 12 is inputted with a drive signal 

Sgate2 from the control apparatus 20 in Synchronization with 
the drive signal Sgate1 and the drive signal Sgate;3. The 
switch 12 is driven in response to the drive signal Sgate2 to 
conduct Switching, i.e., be turned on or off. For example, 
when the drive signal Sgate2 is at the H level, the switch 12 is 
turned on. When the drive signal Sgate2 is at the L level, the 
switch 12 is turned off. The drive signal Sgate;3 is generated so 
as to be the L level when the drive signal Sgate1 is at the L 
level and the drive signal Sgate3 is at the H level, i.e., in such 
a manner that the switch 12 is turned off when the switch 11 
and the switch 13 are on, and so as to be the H level when the 
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drive signal Sgate1 is at the H leveland the drive signal Sgate 
is at the L level, i.e., in such a manner that the switch 12 is 
turned on when the switch 11 and the Switch 13 are off. 
A gate of the switch 14 is inputted with a drive signal 

Sgate4 from the control apparatus 20 in Synchronization with 
the drive signal Sgate1, the drive signal Sgate2 and the drive 
signal Sgate;3. The switch 14 is driven in response to the drive 
signal Sgate4 to conduct Switching, i.e., be turned on or off. 
For example, when the drive signal Sgate4 is at the H level, 
the switch 14 is turned off. When the drive signal Sgate4 is at 
the Llevel, the switch 14 is turned on. The drive signal Sgate4 
is generated so as to be the L level when the drive signal 
Sgate2 is at the H level, i.e., in such a manner that the switch 
14 is turned on when the Switch 12 is on, and so as to be the H 
level when the drive signal Sgate2 is at the Llevel, i.e., in such 
a manner that the switch 14 is turned off when the switch 12 
is off. By switching a set of the switch 11 and the switch 13 
and a set of the switch 12 and the switch 14 in synchronization 
with each other in this manner, energy is stored in the inductor 
15 when the Switch 11 and the switch 13 are on and the switch 
12 and the switch 14 are off, and a current flows in the 
inductor 15 when the switch 11 and the switch 13 are off and 
the switch 12 and the switch 14 are on. Thus, the output part 
10B outputs an output voltage Vout smoothed by the capacitor 
16. 
The control apparatus 20 comprises a PWM controller 40B 

instead of the PWM controller 40 of the first embodiment. 
The PWM controller 40B further comprises an AND circuit 
44, a buffer circuit 45, inverter circuits 46a and 46b, and 
buffer circuits 47a and 47b in addition to a comparator 41, a 
NAND circuit 42 and a buffer circuit 43. 

The AND circuit 44 is inputted with a signal S1 of the 
NAND circuit 42 and a stop signal Sstop from a PFM con 
troller 60. The AND circuit 44 performs an AND operation of 
the signal S1 and the stop signal Sstop to thereby output a 
signal S8. Thus, the signal S8 of the AND circuit 44 becomes 
the H level when the signal S1 and the stop signal Sstop are 
both at the H level. The signal S8 becomes the L level when at 
least one of the signal S1 and the stop signal Sstop is at the L 
level. The signal S8 of the AND circuit 44 is inputted via the 
buffer circuit 45 to the gate of the switch 12 as the drive signal 
Sgate2 for driving the switch 12. 
The inverter circuit 46a is inputted with the signal S1 of the 

NAND circuit 42. The inverter circuit 46a performs a logical 
NOT operation of the signal S1 to thereby output a signal S9. 
The signal S9 of the inverter circuit 46a is inputted via the 
buffer circuit 47a to the gate of the switch 13 as the drive 
signal Sgate:3 for driving the switch 13. 
The inverter circuit 46b is inputted with the signal S8 of the 

AND circuit 44. The inverter circuit 46b performs a logical 
NOT operation of the signal S8 to thereby output a signal S10. 
The signal S10 of the inverter circuit 46b is inputted via the 
buffer circuit 47b to the gate of the switch 14 as the drive 
signal Sgate4 for driving the Switch 14. 
A current determination part 50 is operated substantially 

similarly to the first embodiment. 
For example, when the drive signal Sgate1 is at the L level, 

the drive signal Sgate;3 is brought to the H level, so that the 
switch 11 and the switch 13 are turned on. Further, as 
described above, the Switch 12 and the Switch 14 are turned 
off. At this time, since a voltage LX of the node N1 approxi 
mates the input voltage Vin, a signal S3 becomes the H level 
regardless of the current of the inductor 15. In this case, since 
the signal S1 of the NAND circuit 42 being of the preceding 
stage of the buffer circuit 43 outputting the drive signal 
Sgate1 is at the L level, a current determination signal Scur 
rent of a NAND circuit 51 becomes the H level even if the 
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signal S3 is at the H level. Therefore, the current of the 
inductor 15 is determined not to have reached less than or 
equal to 0A during the period in which the switch 11 and the 
switch 13 are on. 

Next, when the signal S1 of the NAND circuit 42 is 
changed from the L to H level, the drive signal Sgate1 
becomes the H level, and the drive signal Sgate;3 becomes the 
L level, so that the switch 11 and the Switch 13 are turned off. 
Further, as described above, the switch 12 and the Switch 14 
are turned on. At this time, the Voltage LX is gradually 
reduced, but a certain interval of time, e.g., 20 ns or so, are 
required until it reaches a ground GND level. So, a delay 
circuit 52 delays the signal S1 by 20 ns or so. Consequently, 
since the signal S2 is maintained at the L level until the 
voltage LX becomes the ground GND level even if the signal 
S1 is changed to the H level, the current determination signal 
Scurrent of the NAND circuit 51 becomes the H level. There 
fore, the current of the inductor 15 is determined not to have 
reached less than or equal to 0. A for the period until the 
voltage LX reaches the ground GND level. 

Next, when the voltage LX becomes the ground GND level 
so that the current of the inductor 15 reaches less than or equal 
to 0A, the voltage LX is increased from the ground GND level 
due to the on resistance of the switch 12 and the current of the 
inductor 15. For this reason, since the signal S3 of a compara 
tor 53 becomes the H level and the signals S1 and S2 are both 
at the H level, the current determination signal Scurrent of the 
NAND circuit 51 is changed to the L level. In this manner, 
when the switch 11 and the switch 13 are turned offso that the 
voltage LX is brought to the ground GND level and the 
current of the inductor 15 becomes less than or equal to 0A, 
the current determination signal Scurrent of the NAND cir 
cuit 51 is brought to the L level for the first time. Accordingly, 
the current determination part 50 is capable of reliably deter 
mining that the minimum value (bottom value) of the current 
of the inductor 15 has become less than or equal to OA. 

Since the configuration and operation of the PFM control 
ler 60 are similar to the first embodiment, their description 
will be omitted. 

Thus, according to the control apparatus 20, the Switching 
power supply 100B and the control method according to the 
present embodiment, advantageous effects similar to the con 
trol apparatus 20, the switching power supply 100 and the 
control method according to the first embodiment can be 
obtained. 

Fourth Embodiment 

FIG. 10 is a diagram for describing a fourth embodiment. 
Unless otherwise described, the same or similar components 
as those in the aforementioned first embodiment are denoted 
by the same reference numerals, and their description will 
appropriately be omitted. Further, components and opera 
tions not illustrated in the drawing are taken to be similar to 
the aforementioned first embodiment. 

FIG. 10 is a circuit diagram illustrating an example Switch 
ing power supply 100C according to the fourth embodiment. 
The switching power supply 100C is, for example, a step-up 
DC-to-DC converter that steps up an input voltage Vin to 
generate an output voltage Vout (Vin-Vout). The switching 
power supply 100C according to the fourth embodiment is of 
a synchronous rectification system as shown in FIG. 10, 
whereas the switching power supply 100 according to the first 
embodiment shown in FIG. 1 is of the diode rectification 
system. Thus, the Switching power Supply 100C comprises an 
output part 10C instead of the output part 10 in the first 
embodiment. 
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A switch 12 of the output part 10C is not a diode but an N 
channel MOSFET, for example. The switch 12 has a drain 
connected to a node N1 and a source connected to the ground 
GND. Further, a switch 11 has a drain connected to the node 
N1 and a source connected to a node N4. 
An inductor 15 has one end connected to the node N1, and 

the other end supplied with the input voltage Vin. A capacitor 
16 has one end connected to the node N4, and the other end 
connected to the ground GND. 
A gate of the switch 12 is inputted with a drive signal 

Sgate2 from a control apparatus 20. The switch 12 is driven in 
response to the drive signal Sgate2 to conduct Switching, i.e., 
be turned on or off. For example, when the drive signal Sgate2 
is at the H level, the Switch 12 is turned on. When the drive 
signal Sgate2 is at the L level, the switch 12 is turned off. A 
gate of the switch 11 is inputted with a drive signal Sgate1 
from the control apparatus 20 in sync with the drive signal 
Sgate2. The switch 11 is driven in response to a drive signal 
Sgate 1 to conduct Switching, i.e., be turned on or off. For 
example, when the drive signal Sgate1 is at the H level, the 
switch 11 is turned off, whereas when the drive signal Sgate1 
is at the L level, the switch 11 is turned on. The drive signal 
Sgate1 is generated so as to be the H level when the drive 
signal Sgate2 is at the H level, i.e., in Such a manner that the 
switch 11 is turned off when the Switch 12 is on, and so as to 
be the L level when the drive signal Sgate2 is at the L level, 
i.e., in such a manner that the Switch 11 is turned on when the 
switch 12 is off. By switching the switch 12 and the switch 11 
in Sync with each other in this manner, energy is stored in the 
inductor 15 when the Switch 12 is on and the Switch 11 is off, 
and a current flows in the inductor 15 from the input voltage 
Vin when the Switch 12 is off and the switch 11 is on. Thus, the 
output part 10C outputs an output voltage Vout smoothed by 
the capacitor 16. 

The control apparatus 20 comprises a PWM controller 40C 
instead of the PWM controller 40 of the first embodiment. 
The PWM controller 40C further comprises a buffer circuit 
45, an AND circuit 48 and a NAND circuit 49 in addition to a 
comparator 41 and a buffer circuit 43. 
The AND circuit 48 is inputted with a PWM signal Spwm 

of the comparator 41 and a stop signal Sstop from a PFM 
controller 60. The AND circuit 48 performs an AND opera 
tion of the PWM signal Spwm and the stop signal Sstop to 
thereby output a signal S1a. Thus, the signal S1a of the AND 
circuit 48 becomes the H level when the PWM signal Spwm 
and the stop signal Sstop are both at the H level. The signal 
S1a becomes the Llevel when at least one of the PWM signal 
Spwm and the stop signal Sstop is at the L level. The signal 
S1a of the AND circuit 48 is inputted via the buffer circuit 45 
to the gate of the switch 12 as the drive signal Sgate2 for 
driving the switch 12. 
The NAND circuit 49 is inputted with a signal S1b of an 

inverter circuit 54 to be described later, and the stop signal 
Sstop from the PFM controller 60. The NAND circuit 49 
performs a NAND operation of the signal S1b and the stop 
signal Sstop to thereby output a signal S11. Thus, when the 
signal S1 band the stop signal Sstop are both at the H level, the 
signals S11 of the NAND circuit 48 becomes the L level. 
When at least one of the PWM signal Spwm and the stop 
signal Sstop is at the L level, the signal S11 becomes the H 
level. The signal S11 of the NAND circuit 49 is inputted via 
the buffer circuit 43 to the gate of the switch 11 as the drive 
signal Sgate1 for driving the switch 11. 

Further, the control apparatus 20 comprises a current deter 
mination part 50C instead of the current determination part 50 
of the first embodiment. The current determination part 50C 
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18 
comprises the inverter circuit 54 and an inverting delay circuit 
55 in addition to a NAND circuit 51 and a comparator 53. 
The inverter circuit 54 is inputted with the signal S1a of the 

AND circuit 48. The inverter circuit 54 performs a logical 
NOT operation of the signal S1a to thereby output a signal 
S1b. 
The inverting delay circuit 55 is inputted with the drive 

signal Sgate2. The inverting delay circuit 55 performs a logi 
cal NOT operation of the drive signal Sgate2 to thereby output 
a signal S2a delayed by a prescribed time. 
The comparator 53 has a non-inverting input terminal Sup 

plied with the output voltage Vout of the node N4 and an 
inverting input terminal Supplied with a Voltage LX of the 
node N1. The comparator 53 compares the output voltage 
Vout and the Voltage LX to output a signal S3. Thus, when the 
output voltage Vout is higher than the voltage LX (VoutdLX), 
the signal S3 of the comparator 53 becomes the H level. When 
the output Voltage Vout is less than or equal to the Voltage LX 
(VoutsLX), the signal S3 becomes the L level. 
The NAND circuit 51 is inputted with the signal S1b of the 

inverter circuit 54, the signal S2a of the inverting delay circuit 
55, and the signal S3 of the comparator 53. The NAND circuit 
51 performs a NAND operation of the signal S1b, the signal 
S2a and the signal S3 to thereby output a current determina 
tion signal Scurrent. When the current of the inductor 15 
becomes less than or equal to 0A, the current determination 
signal Scurrent becomes the L level. In any other case, the 
current determination signal Scurrent becomes the H level. 
The current determination part 50C is operated substan 

tially similarly to the current determination part 50 in the first 
embodiment. 

For example, when the drive signal Sgate2 is at the H level, 
the switch 12 is turned on. Further, as described above, the 
switch 11 is turned off. At this time, since the voltage LX of 
the node N1 approximates the ground GND, the signal S3 
becomes the H level regardless of the current of the inductor 
15. In this case, since the signal S1a of the AND circuit 48 
being of the preceding stage of the buffer circuit 45 outputting 
the drive signal Sgate2 is at the H level, and the signal S1b of 
the inverter circuit 54 is at the L level, the current determina 
tion signal Scurrent of the NAND circuit 51 becomes the H 
level even if the signal S3 is at the H level. Therefore, the 
current of the inductor 15 is determined not to have reached 
less than or equal to 0A during the period in which the switch 
12 is on and the switch 11 is off. 

Next, when the signal S1a of the AND circuit 48 is changed 
from the H to L level, the drive signal Sgate2 becomes the L 
level, so that the switch 12 is turned off. Further, as described 
above, the switch 11 is turned on. At this time, the voltage LX 
gradually increases, but a certain interval of time, e.g., 20 ns 
or so, is required until voltage LX reaches the level of the 
output voltage Vout. So, the inverting delay circuit 55 delays 
the signal S2a by 20 ns or so. Consequently, since the signal 
S2a is maintained at the L level until the voltage LX becomes 
the level of the output voltage Vout even if the signal S1a is 
changed to the L level, and the signal S1b of the inverter 
circuit 54 is changed to the H level, the current determination 
signal Scurrent of the NAND circuit 51 becomes the H level. 
Therefore, the current of the inductor 15 is determined not to 
have reached less than or equal to 0A for the period until the 
voltage LX reaches the level of the output voltage Vout. 

Next, when the voltage LX becomes the level of the output 
voltage Vout so that the current of the inductor 15 is brought 
to less than or equal to 0A, the voltage LX is reduced from the 
level of the output voltage Vout due to the on resistance of the 
switch 11. For this reason, since the signal S3 of the compara 
tor 53 becomes the H level and the signals S1b and S2a are 
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both at the H level, the current determination signal Scurrent 
of the NAND circuit 51 is changed to the L level. In this 
manner, when the switch 12 is turned off and the Switch 11 is 
turned on so that the voltage LX is brought to the level of the 
output voltage Vout and the current of the inductor 15 
becomes less than or equal to 0A, the current determination 
signal Scurrent of the NAND circuit 51 is brought to the L 
level for the first time. Accordingly, the current determination 
part 50C is capable of reliably determining that the minimum 
value (bottom value) of the current of the inductor 15 has 
become less than or equal to 0 A. 

Further, the configuration and operation of the PFM con 
troller 60 is similar to the first embodiment, and their descrip 
tion will therefore be omitted. 

Thus, according to the control apparatus 20, the Switching 
power supply 100C and the control method according to the 
present embodiment, advantageous effects similar to the con 
trol apparatus 20, the switching power supply 100 and the 
control method according to the first embodiment can be 
obtained. 

CONCLUSION 

It is to be appreciated that the Detailed Description section, 
and not the Summary and Abstract sections (if any), is 
intended to be used to interpret the claims. The Summary and 
Abstract sections (if any) may set forth one or more but not all 
exemplary embodiments of the invention as contemplated by 
the inventor(s), and thus, are not intended to limit the inven 
tion or the appended claims in any way. 

While the invention has been described herein with refer 
ence to exemplary embodiments for exemplary fields and 
applications, it should be understood that the invention is not 
limited thereto. Other embodiments and modifications 
thereto are possible, and are within the scope and spirit of the 
invention. For example, and without limiting the generality of 
this paragraph, embodiments are not limited to the Software, 
hardware, firmware, and/or entities illustrated in the figures 
and/or described herein. Further, embodiments (whether or 
not explicitly described herein) have significant utility to 
fields and applications beyond the examples described herein. 

Embodiments have been described herein with the aid of 
functional building blocks illustrating the implementation of 
specified functions and relationships thereof. The boundaries 
of these functional building blocks have been arbitrarily 
defined herein for the convenience of the description. Alter 
nate boundaries can be defined as long as the specified func 
tions and relationships (or equivalents thereof) are appropri 
ately performed. Also, alternative embodiments may perform 
functional blocks, steps, operations, methods, etc. using 
orderings different than those described herein. 

References herein to “one embodiment,” “an embodi 
ment,” “an example embodiment or similar phrases, indi 
cate that the embodiment described may include a particular 
feature, structure, or characteristic, but every embodiment 
may not necessarily include the particular feature, structure, 
or characteristic. Moreover, Such phrases are not necessarily 
referring to the same embodiment. Further, when a particular 
feature, structure, or characteristic is described in connection 
with an embodiment, it would be within the knowledge of 
persons skilled in the relevant art(s) to incorporate Such fea 
ture, structure, or characteristic into other embodiments 
whether or not explicitly mentioned or described herein. 

The breadth and scope of the invention should not be lim 
ited by any of the above-described exemplary embodiments, 
but should be defined only in accordance with the following 
claims and their equivalents. 
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What is claimed is: 
1. A control apparatus for a Switching power Supply, com 

prising: 
a pause controller configured to pause Switching of the 

Switching power Supply based on a reference Voltage; 
a current determination part configured to determine 

whether or not a current of an inductor of the switching 
power Supply has become less than or equal to a prede 
termined value; and 

a reference Voltage controller configured to control the 
reference Voltage based on a result of determining by the 
current determination part and a result of comparing a 
Voltage according to an output voltage of the Switching 
power Supply and the reference Voltage. 

2. The control apparatus of claim 1, wherein the reference 
Voltage controller changes the reference Voltage when the 
current determination part determines that the current of the 
inductor has become less than or equal to the predetermined 
value and the pause controller does not pause Switching. 

3. The control apparatus of claim 1, wherein the reference 
Voltage controller increases the reference Voltage when the 
current determination part determines that the current of the 
inductor has become less than or equal to the predetermined 
value and the Voltage according to the output Voltage is higher 
than the reference Voltage. 

4. The control apparatus of claim 1, wherein the reference 
voltage controller decreases the reference voltage when the 
current determination part does not determine that the current 
of the inductor has become less than or equal to the predeter 
mined value and the Voltage according to the output voltage is 
less than or equal to the reference Voltage. 

5. The control apparatus of claim 1, wherein the reference 
Voltage controller maintains the reference Voltage when the 
current determination part determines that the current of the 
inductor has become less than equal to the predetermined 
value and the Voltage according to the output Voltage is less 
than or equal to the reference Voltage. 

6. The control apparatus of claim 1, wherein the reference 
Voltage controller maintains the reference Voltage when the 
current determination part does not determine that the current 
of the inductor has become less than equal to the predeter 
mined value and the Voltage according to the output Voltage is 
higher than the reference Voltage. 

7. The control apparatus of claim 1, wherein the pause 
controller pauses Switching of the Switching power Supply 
when the current determination part determines that the cur 
rent of the inductor has become less than or equal to the 
predetermined value and the Voltage according to the output 
Voltage is less than or equal to the reference Voltage. 

8. A Switching power Supply, comprising: 
an output part comprising a Switch and an inductor, and 
a control apparatus comprising: 

a pause controller configured to pause Switching of the 
Switching power Supply based on a reference Voltage; 

a current determination part configured to determine 
whether or not a current of the inductor of the switch 
ing power Supply has become less than or equal to a 
predetermined value; and 

a reference Voltage controller configured to control the 
reference Voltage based on a result of determining by 
the current determination part and a result of compar 
ing a Voltage according to an output Voltage of the 
Switching power Supply and the reference Voltage. 

9. A control method for a Switching power Supply, com 
prising: 
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determining whether or not a current of an inductor of the 
Switching power Supply has become less than or equal to 
a predetermined value; 

controlling a reference Voltage based on a result of the 
determining and a result of comparing a Voltage accord 
ing to an output voltage of the Switching power Supply 
and the reference Voltage; and 

pausing Switching of the Switching power Supply based on 
the reference Voltage. 
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